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Abstract: Background: Carcinoembryonic Antigen has been widely used in screening, diagnosis, therapeutic moni-
toring and prognosis evaluation of gastrointestinal cancer nowadays. It is disputable of the use of gastrointestinal 
cancer early diagnosis. The aim of our research is to find out the most suitable scale of cut-off value, based on the 
investigation of its impact on efficiency of CEA-indicated gastrointestinal cancer diagnosis. Methods: We searched 
PubMed, ISI Web of Science and Embase to identify research studies, and selected articles which focused their 
research on the sensitivity and specificity of CEA-based gastrointestinal cancer diagnosis. After calculating their 
Youden’s index, resulting from the comparison of Youden’s index variation among different cut-off values, we got the 
coordinated cut-off value with the greatest Youden’s index to acquire the best cut-off value. Finding: After screening 
2381 reports and meeting abstracts, we identified 9 eligible studies (published 2000-2015), involving 1103 cancer 
patients and 1425 healthy controls. When the range of cut-off value is between 2-3 ng/ml, the Youden’s index is 
0.43; when the range is between3-4 ng/ml, the Youden’s index is 0.31; when the cut-off value reached 5 ng/ml, the 
Youden’s index is 0.31; and when the range is larger than 6 ng/ml, the Youden’s index decreased dramatically to 
0.22. Interpretation: Given the result that Youden’s index of CEA-based gastrointestinal cancer diagnosis is rather 
low when cut-off point is 5 ng/ml, whereas the same indicator is higher under the circumstance that cut-off value is 
2-3 ng/ml, the better choice of cut-off value for CEA-based gastrointestinal cancer diagnosis is 2-3 ng/ml.
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Introduction

Gastrointestinal cancer refers to malignant 
conditions of the gastrointestinal tract (GI 
tract), gastric cancer and colorectal cancer are 
two most common types of which. Gastric can-
cer (GC) is a disease with high morbidity and 
mortality. Two-thirds of the GC cases occur in 
developing country. Among them, more than 
40% of cases are located in China. Although GC 
has shown a significant decline in morbidity in 
recent years, but it still ranks second among all 
malignant tumors in China and the patients 
became more and more younger [1]. A total of 
989,600 new GC cases and 738,000 deaths 
are estimated to have occurred in 2008, 
accounting for 8% of the total cancer cases and 
10% of total deaths. Colorectal cancer is the 
third most commonly diagnosed cancer in 
males and the second in females, with over 1.2 

million new cancer cases and 608,700 deaths 
estimated to have occurred in 2008 [2].

Since 1980s, tumor markers CEA are widely 
used in gastrointestinal cancer patients. CEA 
measurement is mainly used as a tumor marker 
to monitor colorectal carcinoma treatment, to 
identify recurrences after surgical resection, for 
staging or to localize cancer spread through 
measurement of biological fluids [3]. CEA levels 
may also be raised in gastric carcinoma, pan-
creatic carcinoma, lung carcinoma, breast car-
cinoma, and medullary thyroid carcinoma, as 
well as some non-neoplastic conditions like 
ulcerative colitis, pancreatitis, cirrhosis [4]. In 
terms of its lack of sensitivity, the CEA blood 
test is not reliable for diagnosing cancer or as a 
screening test for early detection of cancer [5]. 

It is commonly accepted to use 5 ng/ml as CEA 
cut-off value into screening, diagnosis, thera-
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peutic monitoring and prognosis evaluation of 
gastrointestinal cancer. However, many resea- 
rches revealed the relatively low sensitivity of 
CEA-based gastrointestinal cancer diagnosis, 
which leaded to a doubt of its value of screen-
ing and early diagnosis. The aim of our research 
is to find out the most suitable scale of cut-off 
value, based on the investigation of its impact 
on efficiency of CEA-indicated gastrointestinal 
cancer diagnosis. We analyzed different You- 
den’s index coordinated with various cut-off 
values.

Materials and methods

Search strategy

A systematic literature search was performed 
in the electronic databases PubMed, ISI Web of 
Science and Embase until October of 2015. 
Search terms included ‘CEA’, ‘Gastrointestinal 
tract or stomach or colorectal’ and ‘tumor, can-
cer, neoplasm or carcinoma’. The titles and 
abstracts of potential references were carefully 
scanned to exclude irrelevant articles. The 
remaining articles were evaluated to identify 
research that contained the topic of interest, 
and full texts were reviewed in depth after- 
wards.

Selection criteria

The studies included in the present research 
were randomized controlled studies that evalu-
ated the association between the expression of 
CEA and gastrointestinal cancer diagnosis. 
Studies were included if they (1) focused on the 
diagnosis of gastrointestinal cancer; (2) provide 
cut-off values of serum CEA; and (3) analyzed 

ers (Dong-Ze Ji and Ze Zhang) independently 
assessed the full-text versions. Disagreements 
were resolved by consensus or the involvement 
of a third reviewer (Hua-Guo Xu). Table 1 shows 
the flowchart for selecting articles [6-14].

Data extraction

All data were extracted by two independent 
reviewers. Disagreements in data extraction 
were resolved by reaching a consensus in 
accordance with the original article. The follow-
ing relevant data were extracted in a predefined 
table: author, year, country, primary lesion, cut 
off value, patient number, controls, case posi-
tive, case negative, control positive, control 
negative, sensitivity, specificity, Youden’s index.

Statistical analysis

We made a scatter diagram (Figure 2) based on 
the relation between cut-off value and Youden’s 
index, in which the horizontal axis is cut-off 
value and Youden’s index is vertical axis. After 
having a preliminary link between cut-off value 
and Youden’s index, we come up with a table 
(Table 3) according to 4 groups of cut-off val-
ues, respectively are 2-3 ng/ml, 3-4 ng/ml, 5 
ng/ml, over 6 ng/ml. Last, we made a histo-
gram (Figure 3) based on Youden’s index, whi- 
ch are coordinated with 4 groups of cut-off 
values. 

Results

Search results

A total of 2381 articles were retrieved using the 
search strategy (Figure 1). After the initial eval-
uation of the title and abstract, 2333 articles 

Table 1. Characteristics of Studies Included in the 
Meta-Analysis

Study, year Primary  
lesion

Cancer 
patients

Healthy 
controls Country

Yu JK, 2004 Colorectal 128 113 China
Fernandes LC, 2005 Colorectal 169 100 Brazil
Mroczko B, 2006 Colorectal 76 65 Poland
Lee H, 2008 Colorectal 129 53 Korea
Chen JS, 2010 Colorectal 232 365 China
Kobayashi Y, 2010 Stomach 74 106 Japan
He CZ, 2013 Stomach 149 235 China
Yang AP, 2014 Stomach 106 330 China
Thomas DS, 2015 Colorectal 40 58 UK

the correlation of cut-off values of serum 
CEA with the diagnosis of gastrointesti-
nal cancer. Articles were excluded on the 
basis of the following criteria: (1) Review 
articles or case reports; (2) The study is 
focused on animal models or cancer 
cells; (3) The study did not analyze the 
CEA expression and the diagnosis of gas-
trointestinal cancer; (4) The full text was 
unavailable.

Two of the authors (Dong-Ze Ji and Ze 
Zhang) independently screened the titles 
and abstracts of all identified studies. 
Studies that appeared to be relevant 
were selected, and the same two review-
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were excluded because of their irrelevance and 
duplication. The remaining articles were viewed 
in full text. Among the 48 articles, 39 were 
excluded, including 34 not provided useable 
date, 2 not available, 3 focused on animal mod-
els. Finally, 9 studies with 1103 cancer patients 
and 1425 healthy controls were included in the 
meta-analysis. All of the included studies evalu-

Use different cut-off values of serum CEA for 
the gastrointestinal cancer diagnosis

Correlation results between cut-off values of 
serum CEA and the diagnosis of gastrointesti-
nal cancer has been showed in Tables 2 and 3. 
Overall analysis showed that when the cut-off 
value is 5 ng/ml, which is commonly used, the 
specificity of CEA-based gastrointestinal can-
cer diagnosis reached 91.8%, but the sensitivi-
ty of it is 39.5%, with the Youden’s index 0.31. 
However, when we range cut-off value between 
2-3 ng/ml, though the specificity dropped to 
79.3, the sensitivity dramatically increased to 
63.7%, with the Youden’s index 0.43. Moreover, 
when the cut-off value is larger than 6 ng/ml, 
the specificity raised to 98.5%, with the sensi-
tivity 23.7%, and Youden’s index 0.22.

Discussion

Carcinoembryonic antigen (CEA) describes a 
set of highly related glycoproteins involved in 
cell adhesion. CEA is normally produced in gas-

Figure 1. Flowchart of selection of studies for inclusion in meta-analysis. This 
flowchart shows the different steps of systematic review, starting from litera-
ture search to study selection and exclusion. At each step, the reasons for 
exclusion are indicated.

Figure 2. The relationship between the cut-off value 
and Youden’s index. This scatter diagram is made 
based on the relation between cut-off value and 
Youden’s index, in which the horizontal axis is cut-off 
value and Youden’s index is vertical axis.

ated CEA expression relevant 
to the diagnosis of gastroin-
testinal cancer.

Characteristics of eligible 
studies

All features of the 9 studies 
are listed in Supplemental 
Table 1. Among the studies, 
four originated from China, 
one from Japan, one from Ko- 
rea, one from Brazil, one from 
Poland, one from United King- 
dom. A total of 1103 cancer 
patients and 1425 healthy co- 
ntrols were included. Prima- 
ry lesion in the colorectal was 
reported in 6 studies, and the 
Primary lesion in the stomach 
was reported in 3 studies. All 
studies showed the cut-off 
value of CEA-based gastroin-
testinal cancer diagnosis. 
Among them, two cases gave 
us the best cut-off value and 
three cases compared the 
efficiency of CEA-based gas-
trointestinal cancer diagnosis 
under different cut-off values. 
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trointestinal tissue during fetal development, 
but the production stops before birth. Therefore, 
CEA is usually present only at very low levels in 
the blood of healthy adults. However, the serum 
levels are raised in some types of cancer, which 
means that it can be used as a tumor marker in 
clinical tests. This protein has been used for 
many years as a biomarker for gastrointestinal 
cancer, as well as other cancers. However, high 
serum CEA concentrations have been found in 
patients with other non-cancerous conditions, 

such as hepatitis, pancreatitis, inflammatory 
bowel disease, and obstructive pulmonary dis-
ease. In the present study, the prevalence of 
detection among all gastrointestinal cancer 
patients was 39.5% (254/643) using a CEA cut-
off of 5 ng/mL, using a CEA cut-off of 2<n<3 
ng/mL, the frequency of detection among gas-
trointestinal cancer patients with early stage 
cancer was 63.7% (188/295). 

Because evaluating serum CEA has limited 
value in detecting early-stage gastrointestinal 
cancer [9], some researches tried to increase 
positive rate of gastrointestinal cancer with 
CEA combined other examinational methods. 
Some studies showed that combined use of 
AFP, CEA, CA125, CA72-4 and CAl9-9 improves 
the sensitivity for the early diagnosis of gastric 
cancer [12, 13]. Combined use of G-CSF and 
CEA improves the sensitivity for colorectal can-
cer. Combined detection using surviving auto-
antibodies and CEA produced better sensitivi- 
ty (51.3%) and specificity (89.9%) compared to 
the sensitivity of CEA (40.9%) and the specifi- 
cities of the individual markers (64.1% and 
86.6%, respectively) [10]. Therefore, the posi-

Table 2. Use different cut-off values of serum CEA for the gastrointestinal cancer diagnosis

Study, year cut off value 
(ng/mL )

Case  
positive (n)

Case  
negative (n)

Control  
positive (n)

Control  
negative (n)

Sensitivity 
(%)

Specificity 
(%)

Youden’s 
index

Yu JK, 2004 5 42 86 2 111 32.8 98.2 0.31 
Fernandes LC, 2005 5 95 74 5 95 56.2 95.0 0.51 
Mroczko B, 2006 4 28 48 0 65 36.8 100.0 0.37 
Lee H, 2008 6.3 38 91 0 53 29.5 100.0 0.29 
Chen JS, 2010 5 95 137 49 316 40.9 86.6 0.28 
Kobayashi Y, 2010 5 12 62 2 104 16.2 98.1 0.14 
He CZ, 2013 6.5 26 123 2 233 17.4 99.1 0.17 

2.24 87 62 39 196 58.4 83.4 0.42 
Yang AP, 2014 10 27 79 7 323 25.5 97.9 0.23 

2.52 78 28 77 243 73.6 75.9 0.50 
Thomas DS, 2015 5 10 30 3 55 25.0 94.8 0.20 

3 16 24 8 50 40.0 86.2 0.26 
2.5 23 17 11 47 57.5 81.0 0.39 

Table 3. Different cut-off values ranges for the gastrointestinal cancer diagnosis
Cut off value 
(ng/mL )

Case  
positive (n)

Case  
negative (n)

Control  
positive (n)

Control  
negative (n)

Sensitivity 
(%)

Specificity 
(%)

Youden’s 
index

2<n<3 188 107 127 486 63.7 79.3 0.43 
3≤n≤4 44 72 8 115 37.9 93.5 0.31 
5 254 389 61 681 39.5 91.8 0.31 
n>6 91 293 9 609 23.7 98.5 0.22 

Figure 3. The relationship between the different 
cut-off values ranges and Youden’s index. This his-
togram is made based on Youden’s index, which are 
coordinated with 4 groups of cut-off values.
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tive rate of gastrointestinal cancer will be 
increased obviously, if using a CEA cut-off of 
2<n<3 ng/mL combined other examinational 
methods.

Our study has limitations; caution should be 
used when interpreting our results because of 
the low number of studies. Screening asymp-
tomatic population is different from screening 
among high-risk groups or of hospital-based 
screening by physicians. Although our study 
has limitations, the relationship between the 
cut-off value and Youden’s index is stable. 
Thus, the better choice of cut-off value for CEA-
based gastrointestinal cancer diagnosis is 2-3 
ng/ml.
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